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proven effective involve exposing the etched ™*W^^Zc that is bound to the 
plasma. The highly reactive fluorine ^J*gf JJ^SSl** * 
aluminum. These M-F bonds are very stable, a, * do DC donc to , furnace at 

to regrow the protective native o»de on, f ™f ^ ^ oxide but also 
300-400-C in an oxygen ambient for 30-60 minutes. TTuS * k m problem 

STto drive off any remaining chlorine. Thus there are * oycd t0 
S Al corrosion aTter dry etch. Generally speaking, mo* than °^°™^ chniqu « c Wn 

deliberately etched a* part ofa technique used to duec^owi «c 5^ of i aycrs 

Z films J*, sloped contact «J ^rSSS known and 

under the resist, m some Instances the etch rate of j* c te ^ved. and wis can 

controUed-AttheeondusW^^ 5n dry . 

be achieved by a plasma etch process "^^SSttl Md til etchbigpolyimide films, 
developable resist and tri-layer rc*st ^^J^^^^^Zz attack organic 
Plasmas containing pure oxygen at wa j^SS^o^w^mm provide a highly 
materials to form CO. CO,, and H 2 0 as end SEa do not etch Si. SiO* or 
Sective method for removing organic materials ance tite 0 2 £ « ma Sials 

14.7 PROCESS W0HFT0RING AND EHDPOIHT DETCCTON^ ^ ^ 

Dry etch equipment used in a ULS1 r^^Z^ prod parameters 
diagnostic and etch endpoint detection tools. ™ production facilities. 

fflU ^ be maintained to ensure ^^^^^o^pr eSmple. reactor wall 
some of these parameters can b ^wntrolled. ^««^ ^ vc ^^j, beC ome a 
conditions (which contribute to the heterogeneous ' mn< (This is one reason 

i jUb variable if the wall* are exposed ^^S^K^) Similarly, 
thy /ingle-wafer reaction chambersare ^^^J^SiSXnge the chemistry, 
outgassing. virtual leaks, and hacl^mg torn W ™n su^ y b ^ 
so that a calibrated etch-time approach to «f™2!taSiB htJhW valuable as procedures 
Thus, techniques for determining the ertdpoint ^•-S^STdnSU *» reproducibility, 
whth can reduce the degree ^SSn^^ - !«— » 

^os^^n^ 

14.7.1 User inlBrteromelry aod l ™ r ™^™ Mrent ^ on reflective snb- 

Uscr ntonito^t he ^^^^S^xplol« me differ- 
states by making use of interference effects. The laser rejxcw 



v.', . 
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696 SILICON PROCESSING PO& THE VLSI ERA 

ence in the reflectivity between a non-transparent material being etched and on underlying lay- 
er. The same apparatus can be utilized to cany out both technique* and is shown in Fig. 14-34b. 
The system is designed to measure the Intensity of light reflected from films bring monitored. 

In Ihe case where a transparent film is being etched [e-g*. SiOj)* the amplitude of the 
intensity of the reflected light varies in approximately a sinusoidal manner as interference 
conditions change with decreasing film thickness. If the incident light is normal w the surface, 
the film thickness change Ad between any two adjacent maxima or minima is given by Ad 
a TJTxk where X is the wavelength of the incident light, and n Is the index of refraction of the 
etched layer. If the etch time between two adjacent maxima is known, in situ etch rates can be 
inferred. Laser interfenDmetry can also provide endpoint detection. That is, the interface between 
two dielectrics is identifiable as a change in slope caused by ihe different refractive indices, and 
by a change in the frequency of the reflectance variations due to the etch rate variations of the 
two materials. . . 

Opaque/transparent interface* fegn metal/dielectric) are distinguished by ft variation from 
an approximately constant reflectivity to an oscillating one. In the case when two nanrrans- 
parent films arc etched there is a change in the reflected signal when the endpoint is reached (If 
the reflectivity of the underlying layer differs significantly from the film being etched). This 
change is proportional to the ratio of the reflectivity of the layer being etched to the underlying 
layer. Of course, the laser reflectance method does not provide any information on the in situ 
etch rate, and therefore does not provide as much information as laser interferametry. 

These techniques have several limitations. First, the laser must be focused on a flat region of 
the wafer on which the film being etched is exposed. Thus, in many etching applicaiions. where 
the area being etched is too small for good reflectivity measurements (e.g.» etching of contacts 
in an Si0 2 film), a larger test site (> 0.5 mm) must be added to the wafer patterning to fecililate 
this measurement. This requirement can be costly, as the open space must be located in a prime 
area of the wafer. Even when such a test area is present, each wafer must be accurately aligned, 
so that the laser light is incident on this area during the etch process. Second, this method 
provides etching information only on a limited area of the wafer surface. Finally, the output 
signal is weak if the etched surface Is rough. 




Flo. 1441(a) Experimental apparatus for using emission spectroscopy as un end point detector; (b) 
Typical apparatus for the oplieal reflection method of end point detection.** Reprinted by permission of 
Solid State Technology, published by PennWell. 
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14.7.2 oplieal Emission Spectroscopy dolcction ^ sasaic it 

Onticni emission spectroscopy is the most widely used_metnooi v 

ormation about both 

Seosy to implement It con off* high ^ J^SSST* * emission intensity 

etching species and clch P^**** JJ*« * 0 plnsma . Light is emitted 

of characteristic optical radiation, Bom either a rex cw»«' f tower one. 

atoms or molecule, when electrons rcto item ^fj^^ ^ oni^o, 
Son* and mokculcs emit a scries of * H^Tn thTpLma. A typical 

intensity is a function of the rnlabvo J* \%£ZX operaU* by recording the 

apparatus utilized for endpoint detection, « f °™ JSE£Rl the material that is to 
emission spectrum during the etch | process »» _t£ P^jcnc^ ■jj-ji^^ wavelcngms pass 
be etched. A detector is equipped with a filter ^J^JJ^j* oC * B process-sensitive 
fcrongh to be detected. To detect ^^^t^^rcJ^ the emission 
line (or bond) is monitored at a f^velc^mcn ^f f° Q „ we ^ being 
intensity changes. The change m ^^T^S^ ^^l *hUe *e intensity due to etch 
monitored. The intensity due to reactive species increase*. 

products decreases. . reactive species and product species 

It is useful to monitor emission from one or the other of these 

simultaneously (Table 1^-3). because ,n ^r^Sff^mm is widely used for 
measurements may yield a stronger signal °P^J™ n k ^7 n ba St etch processes the 
oeterminingthe^ 

endpoint Signal Is derived from me f vcm B") havebeen completely etched* 

timLovenSngis aiuteeuired to — jJjSJ SJS '2 most important is that 
Optical emission speenoscopy also has ctchc d. Thus, for slow etch 

its sensitivity is determined by ^^S^SSS-S^ is also dependent 
processes the endpoint may be difficult to ?^™^7^ site be established to 
on the total area being etched. ,n some (e.g., -1 cm* of exposed 

provide sufficient exposed area«causea ^^S^Lg etched f,e.. the total 
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between features. In the latter case, the total area (sidewaD + bottom) of material being etched 
con remain almost constant, even after (he bottom of the film has been reached and only 
undercutting is occurring* 

14.8 DRY-ETCH EQUIPMENT CONFIGURATIONS 

| Plasma etching systems consist of several components: a) an etching chamber (that Is evacuated 

i to reduced pressures): b) a pumping system for establishing and maintaining the reduced 

J pressure; c) pressure gauges to monitor pressure in the chamber, d) a variable conductance 

I P: bcST the pump and etching chamber so that die pressure and flow rate » the chamber can 

\$ be controlled mdependently: e) one (or two) rf power supplies to create the 

W eos handling eapabUity to meter and control the flow of reactant gases; g) dertades. «d h) in 

I M Sdi wis for sub-micron applications, a vacuum loud-lode that isolates the chamber from the 

I amblSan7a rob«that tiers wafers from me cassettes through the load-loek and into the 

a K cteh chamber. Detailed assembly of such systems tan these components has evolved a variety 

[ i qf configurations, depending upon which parameters of a process need to be controlled, as well 

W as the specific applications of the system. 5 ' 

ft Several of fce most important commercially available plasma etch/RlE etch system 

\M configurations will now be described. Some of this discussion Is historical, insofar as it covers 

fi o>e batch etching tools used for wafers up to 150-mia In size, these included) barrel etchers: 

h 2) parallel-electrode (planar) reactor etchers: and 3) hexodc batch etchers. Then single-wafer 

fj echo* are discussed, including: 1) conventional paralld-plate etchers; 2) dom «d<« 

I' 2d2D nuignetically-enhanced reactive Ion etchers. Fimuly, etch tootobased on hlgh-density 

$ plasma sources (which are the newest types of dry-etching tools) are covered. 

Batch Commercial Dry-Etch System Configurallons 

118.1.1 Barrel Etchers: The first, and simplest, plasma etchers to be developed* 0 we barrel 
etchers (Fig. 14-3Sa). This configuration consists of a cylindrical reaction vewl. usuaUy made 
of quartz, with rf power supplied by metal electrodes placed above and below the cylinder. A 
perforated metal cylindrical ttch runnel is placed within the etch chamber Th,s serves to 
: confine the glow discharge to the annular region between the etch tunnel and the chamberwalL 

wS arc placeo in a holder or boat at the center df die cylinder and usua»y » *<"°* 
connection is mode to them. The reactive species created by the discharge diffuse £ the ^gien 
within the etch tunnel, but the energetic ions and electrons of the plasma do not enter this 
region. The reactive species of the plasma diffuse to the surfaces to be etehed. Since there is no 
5 S bombardment, me etching is almost purely chemical. As a result, etching lends to be 

! \ SnlxCwi it Is possible to obtain good selectivity with little or no mdiadon damage. Most 

'it bS .£u» are operated In the high-pressure range of dry etching (0^-iO torr). The Isoffopie 

j t naSTSetch^however, now limiu barrel etchers to such applications as resist stripping in 

i ICS with feature sizes > lpm. 

14J.1.2 ParallBi Electrode (Planar) Reactors As described earlier, wafers esposed to energetic 
Ions of a plasma can be subjected to ion-asstated etching processes. Btcher configurations . that 
SLe paraflel electrodes can direct energetic ions at the surfaces being etched, by causing tern, 
to be accelerated across the potential difference that exists between the plasma and the electrode 
surfaces (Fig. 14-llb). As a result, both a physical and a chemical component can impart 
directionality to the etch process. 



PAGE 3202 1 RCVD AT 8/1412006 8:30:31 PM (Eastern Daylight Time] * SVR:USPT0-EFXRF-6I42 * DNIS:2738300 * CSID:5594326872 " DURATION (mm-ss):05-24 



